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• " Rece ived  5 ~v!a~ch t974  " 
1 .: In t r~duef ioaa  
" A-considerable number  .of ,chemical agents :are now. 
known t.o induce avian etrythrocy~es ~.o fuse into multi- 
: nucleated ,celts under ,delined condit ions in vitro. These 
include ]y.solecithin [1, 2]-, various unsaturated and 
saturated fat~y-.acids, their rne,thyl andglycery l  esters, 
and the fal-solu.ble vitamins, r.etinol :and c~-t.ocopherol 
[3],  a mixture..of polylyf ine and phusphol~pase C [4]: 
,Ca a ~ at pH 1'0..5 [:5], and l iposomes containing 
. ph0spha~idy lse / ine .  [6 ] .  
Some of  ,these fusogeMc lipids also behave as " 
immunological  djuvants: viz, r.etinol '[7], lysophos. 
phatidylchol ine ~8], olei.c acid [9] z-ud linoleic acid 
.[10] i 'The mechanism of.adjuvant action has _nOt yet 
been resolved but it is .noteworthy that  many :adju- 
vant.~have surface,active properties ['9,1 ] ] :and are 
able to  ]a.bilize lysosomal membranes [7,12] Act ions  
• on cell o r .lysosomal merabr.anes may lherefore be 
Some importance for adjuvant acti'~qty. In tIa.e work :. Thin layer chromatography [14]  :showed *hat ihe 
reported here, we have investigated 3he abil ity e ra  commercial  samplesrof non/~oni e surfactams uSed were 
:=number of .known sdjnv:mt s to fuse hen erythroc3rtes. : ng.xtures; Axlace] ,4, and ;Span :80 were -therefore 
Ourl findings mdi.cate that  a relati0nship.exists between .. t reated  with Amberl i te .!R-12.0 and ~,RA:4 00 ion ex:- 
adjuvant ~nd fusogenic properties, and Jt ~e.ems possi-- . - c!mn.ge resins -to xemow e .clmx.ged components  i[!5]. 
. :b!e. that adjuvant land fu,~ogenic betmviour may both  " Thet reated  samples :(t .5 g) were int roduced onto  a 
involve 1he introduct ion o f  instability into the struc- co lumnof  silicic aci d (100 .g,-Mallinckrodt, 100 mesh; 
ture ofcel_l membranes.  ~.~t pre:lJminary corma~unicaTti0n . " Camlab, Cambxidge, U.K.), arid 1tae li.pids e luted int.o 
On t.his w~:rk has been pu,b!ished [1.3]. . . . . .  - .- . tv,-o arnajor, fractions with chi0~ofoxm-. Ester det ermina- 
• . • ~ . .  - .  - . . • . . . . .  . . - . 
..: - . . . . . .  . . . . .  . • tions [16] and the R/~a!ues  of.the purified, fractions 
; i  :": !-i:. :.?.:: : :i -i :'- : " . . . .  • .: ~. on t lqplates were eonsisient wi th~he principle.com- 
2. Materials and.metlio~;-: : • . " - ponen~s-of these two .fractionsbeing :mono- and 
- :  • " ~ . . . . . : . - .  ~ . . - ' . . .  ~ i " " " " " - " : " • . 
: :-. . . .-:-.:  ~ - . !- • :. ' .:. . ' -d_fester derivatives(fig~ia).-:.~i -- .. " . . . .  - : 
: i .  -Ttte ieSt:systemused:!,ror investigai ingitheabi l i tY:0f : :  - ::EleCtrOn micro_grap!~slpfneg.atively:staine d prepara: 
=-~igents to  Cause:the :fUSi0a.ofhen .erythrocy*.es Was Ihat ~ " t ions  of  egg le.~ithin; befgre ai id after trea.tment w i th  ' 
: 1206 !-i ( , . -  " " . i  : : : ! . : / : - -  ' - .  i -i ." i . "; :.::. i:.... :.- ;!:.i-:..i.:- :) :/::.: )..Nqrth-HoHqhd1~ublishing-companY.iAmsterdam.: 
. , : . - 
described By  A/~kong et aL I3], in:,~v]~ch ~-ashed h e_n 
erythrocytes (3 N-108 ceils/nal) were incubated at 
37 ° C with 1he ultrasonically .dispersed test substance 
in a buffered ~ l t  solu.tion (p,]-I 5.6 ,or 7.4) coutaining 
Dextran 60C (.80 mg/ml) ,  Samples o f  the ~reat~d veils 
were.examined by phase ¢on.tras.t Inieroscopy at 
frequent in~tervals :over a perS0d of  4 hr for dae forma- 
t ion o f  multinu.cleated cells. 
The fol lowing compounds were investigated: Bayol 
F (Serva, Micro-Bio Laboratories Ltd,, London W. 11, 
-U .N . ) ;  Ax lace I  A and  DL-sp la in_gos ine  sMpha~e (S~grna ,  
London);  dodecytarnine and tetTadeca'.ne ,(BDH Cherrfi- 
.eal Co. Ltd., P0ole, Dorset, V.K.); F reund's  adjuvants 
(.Complete and incomplete)(Di fco Laboratories, 
Sur_rey, U.K;); octadecylamine (K & X Laboratories 
inc.,  Pla~nview,.,IJ.S.A.); Span 2,0, Span 40, Span 60, 
Span .8'0, hexadecane, octz decane, hexadecylamine and 
octzdecenylamLne (Koch- l ight  Laboratories Lt.d., 
Colnbrook, U.K3. 
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:::}j::i.)(-~@c;;.;::i-j:~::.i.::(.:.;:~i;:-!i)-~(~(=:0; ii::/-:_-.---.V::);((-~;~:: ~)i :, i ,  ', :"; ) :  : : ..anhydr2deS, When samples Of ~hese rmt  eNals were  
i-~i!-:i2-;S;i;~ii.)~-::-::!:}.-<}-~ '(~::Z@~i:~);'):-!2"-/}!;:?!;:~ :'; 2, i.i. ":/- : ': ',:. • " separated ~, ,o  nmno:  iana .gi61eate f ract ions (See.: i )i- 
(i~j2~:>~`~;~.~:~}:~!~:~))~:;i~:~.j~;:~`.;i.:~y:`i~5~2:~.~`~7..~)~! : , .: .7 ?-.. MateAals and meth0ds i  fig.-13, the monoo ieate  frac- : 
~.~);:;;:-~::!~?]~;~<-2;i)i:,-!2-:~;:?~.<i-~:i-/.)::i .  :::: :: :: : ': COns o f  both  surfactants:(OAimg]ml) .mdu.ced ~he - 
i-?y?:"::~!; }~-.:~::.~)~:!.-;.i~:;.~-~i£J::~ ?.: i ~~ ':: f.. ~a ,s ter  .- ' ,lions were less ef fect ive;  few b inucleaie  cells being " 
~::--:~-:i '~:,;-:2ii:-)~ .---~: -:!-).ii.;~) .:.~-, ;!:k--.~;.: :~2 :i:i )~. ;  ---~-m0nbester- observea fter  t reatment  ,~Alh a .higher concentrat ion  
:..-~;:..- :: _;;...--=_;~ %:.¢: :..>:- ; :..::~= ~ :<-::-:..: ::: :.<:.-. ;: : -  .: '.('O.~. rn~ml) .  The beha~ou~ o f  'the o leate esters .of 
i-!!::-::i:::;]j~ii!?~:i-:::?!:}i::::;:i-!:~.:):"::;?-.?;.!:.:-..(-:::/" _ )-:-i -: ',:-: .:: :: so~bitol and mann!~ol the~eibr.e pazalleis."flmt ..ofthe 
}:~iif:S..~2i:::i!:!:::?i?i)'~").'~:.";il :; ':}:-~2).-!-:: <:- f::/:.);i ?:.. " " • " mono- -a~d .dioleat~ esters o f  g lycero l  [3 ] .  . 
~i-~}.:>~?~-::=i;:2)7:/-:;.};.:-:~}:~-i:(:.~:?~-:-:);~))??i::~f =:--:- : : :  " : - . Severalca,tiorficlipids.~ha~.arek_w.~wn ~0beact ive  " 
-< ~;~-:: ~k'--= .:-~:.::-:::,:-..-,_~.~<;;:s:::=: _---¢::?,.:::-:-: _ ~-::: ;:.~.,..: ..- . .- as adjuvants t l  1, ~,0] were :~ble ~o canse cell fusao~ an 
?'~::---.:~;':.%!;-=,-~>:i~:i::: ~"-!~¢})!';i~f:4-~2~~::_.,~://>.:-:::!!:)::.:_ .. - :2  :: . ? amines w i th  !ong chahns, dodecylarni~_e, hexadecyh~- 
Fig, I. Neparafion by thin layer chromaIogra!~lay .ofp~trified aaa~ne; o etadecy]amine and oct~deeeny]arpJ.ne; were 
fro cti0r~s of non,iolfi c surfactants. The ~dsoxb en~ wa~ silica 
get H (Merck). DeveIopmem was ~n :chloroform-acetone 
(2:1) after w~ieh :the plale was d:rjed .a~d visualis ed with 
5odLne vapou/ |  14 ]. The samples ;(150 ~g) are: 1 ) x~npvxi~ed 
Axlacel A, 2) its dies:rex fraction, 3) ~s monoester f action, 
.4) unpufxfied Span 80, 5) its .di~s~ei fx.action, 6) ~is monc- 
esteI fraction, 7) unpurified ethylene glycol m.onoMeate. 
8) ~ dies.rex fa-a,c*.~on, 9) its :monoes~er flacfion. 
a.djuvants mn,d  rela~.e.d compounds ,  were t. ~akera -. ~ 
initial magni f icat ions o f  50- -75 000  X wi th  an A.E.L  
EM6b e lectron n~Jcr.oscol~e. 
3. Results  .and .0iseusslon 
• Commercia l  pr.epara,fions ,of nondon ic  surfactan:ts 
~hat ~ha~,e been repor ted . to  behave as a,djrt'~ants, 
. Axlacel A (rnannide rnonooleate)  [12, !7 ] ,  Span gO 
:,(solbitan monoolea.te)  [11] ~ ~nd ~pan 20  (sorb i tan 
-monoLatLraI.e) !91 o were '.tested for ±laebr ab¥~.'ty !o  f~ase 
hen .erythrocYtes. ,Cell fn:sion was observed on using 
• son ieat  es (2 mg]ml)  .Of *.here substances.  Signif icantly,  
fus ion yeas not  seen wi th  ,-two zela.xed long-chain 
saturated esters Iested;.Span 40 .(sorbitan monopaLmi- 
• toto) .and Span .60 .(sorbitan monostearat@.  This as 
,consistent wi th  the .previously repor ted  obserwatbons 
,~hat Nsi0n occurs v~th esters of both medium-chain 
satura.ted; and longer chain unsaturated  faxtya~ids,  
but  not  in genera] w i th  esters o f  palmit ic  and stearie 
fusogenic ~_.*. a concentrat ion  o f  'OA mg]rnL ,Octadeceny, 
lawdne ,(.oleytamine) was .m0st .effective in_ causing hen 
er;r~hrocyt,e~, ,o fase.  TNs  iamin, e ~s  been sed success- 
ful ly to  produce homok~ry.0ns ~zona mouse  f ibrob]asts 
12] ] zn.d ~a the present work  i~ was .employed to  fo rm 
heterokaryons  f rom arrouse f ibroblasts and hen 
ery-throcy,tes. 
The w idNy useg F reund 's  adju~ant.s, .complete and 
incomP]e~te :(:0.1 mg]ml) also fused hen ,ery-th:-Gcytes: 
bo lh  .consi ituenls o f  the ineornple le a.~uvar_~, the 
mineral  .oil (Bayo l  Y) and ~he emul~gfder (#~a-lacel A)  
v.-'er.e a.cti~e fusogenic agents, r . -Hexadecane,  wh ich  is 
.one ,of ~he major  cc, mponents  o f  Bayol  F I22] ,  tins 
• known adjuvant  propert ies [23] ,  and straigh~ cha~m 
• ,hydrocarbons (,Ca5_20) have been used ~o induce 
.experimental allergic encep1"mlo.myelifis 5n guhaea pigs 
124] .  I t  is in*.erest.ing ~ha.t h'a.cnba:t~on f .hen e.r~hro- 
cytes  wi th  tetra.deco_ne, hexadecane and octadecane 
,(0.1 mg]ml)  a l so  !ca in our  exper iments  t o the forma- 
*don o f  rnultinuc!eate.d hen .ery.&~roeytes. " 
N..23ay f.la.~3ge_nJ c fail27 ° aCidS alad i~e!~r ~-siers iz~I.eract. 
w~th egg lecithin ~o ~'ie!d new stXuctur2.s ~ negatively- 
sN ined prepa~alaons I .:;t.,difier both  f rom th  e charac: 
.t.e.rb~tic .structure .of lecit.hin l iposdmee m~ d £rom the  
relatE, ely unstrectured appearance of.~he fuso.genic 
l ipid .alone ~25, 9.6]. in. ,flie.:present WOlk- t_,~e'- addg:ion " 
o f  the  monoo*ea~e fra.ct~on~ Of Axlace] A o l  Span gO. .  • 
"to dispersed ]ecixhin resulted-in a. marked  modi f icat ion 
Of  the Characteristic l iposome struetule:  0ccas iona l ly  • 
new Iamellar and ves~.cular st ructures Were seen. when.. 
- ±e~R,h in  was t:rea~ed-wbt~ .hese agents (i~g..3). ELhy|ene 
; Span 80[ !  8 ]  and  Aflaeei A :[191; are mixtures  .of : glycol monooleate~ .which iS fusogei i ic 13]., but  appears 
-pa-~ialesters o f  a l~9]yol_ (sorbito] or mannit01 ) and izS ....- : no~t o  have b#en hnvestigated asan  iadjuvant,w_.as more  
: : i ; : . : /  : . i :  ! " : : .i ' " : :  : i : :  .i.i- : - :  : :--::2o7 
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Fig. 2. Ligh~ mic~ographs .(X 60D) of hen e.;yth~ozy/es I~e-a~ed wi'lh .the raogoolenle Smcgon of Arhzet A 10.! ~:mg/mD foz 
45 mix a't 37°C, pit 5.6. (a) Nernaxski d~ft:~,:renliaMn~,er~e~enee-een~ast microscopy; {b) phase,contrast raiero~eopy. A tazNe celt. 
fin whic.h mole ~han 30 n~Nei can be distinguished, and ~wo ee]ls each containing sonde ~en nraele5 a~e s~en_ Tw~ mononncteate 
cells (single a~tows) ~hal havethe swdlen appeazanee k,newn ~o p~cede f~.~ion :[3], and disc~hap~fl z~,lls {double arrow) ~ha~ 
have been rfi~tl.e a~feeied bS" .~h.e added adj~vaz~ a~e aho p~esen:. 
a.ztive in this Iespee.t Diolea~e t?raedons o f  ethylene 
~yeo],  Axlace] A a~.d Span 80 (fig, l ), which weze l~ss 
effective in ca~ing cell fi~sion, Nd no:t inters.or in ~his 
way wi,Ih lecilhin Ih'as behaving like g]y~ely] diolea~e 
[25, 26]. 
In ~mmnar/,  a number o f  non- io~c snrfaee active 
mo]ecule~, long-chain sh ines,  and stla~:g~hl c~min hydlo- 
carbons, all of  wMeh trove adjuvant properties have 
been roland to be fn.sogeni.e ~owards hen erytl~,ozy/es. 
N.orne ._~f 'these moaecul:es 2hav.e also been shown tIO 
interact physically with aqueous ,dispe,Mons ,of egg 
]e=it~n. i t ~s s~ggested ~hat ~.djUlwant a~tivi~y and 
fusogenic properties may both be express.~oms of the 
abili,ty ~f  ~these molecules to in't,erae~ wi~h bio]:og~eal 
rnemNanes. Cell • fusion ~dght i,ts:df NaY a rote in 
a,djuvanl 'functiOn shoMd ~ians'fer of mat,ed~l -lhrough 
208 
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~ytoplasrnic ~onnections between .macrophag~s and 
lyrnphoeyles 127--29], and between ]ymphocyI,es and 
~aTget cells 130], Nove m be of fanz!iona] immunolo- 
gical importance. ~dtm'nafi,~e~]y, if thymus-derived 
lymphocytes pmd~aee snluble me diatoms that af,~ect B
cells o.~ ma~rophages I3t  ] ,  adjuvants may facNtate 
se,~r,et~on f  mediators by  affecl ing the fusion of  
nue,Inblane~ lha't occuT~ ~ cxocytosis. 
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bri~l~,m-e 412 nnrnbe.x 2 ~a~s ,u~T~aas  h~ay 19~4 
F~g. 3. Ngv.ative]y-sia~ned elect.xen mic~oNaphs {X 2313 ~D0) of  (a) a $o~ca~e~l aqueous dispersion ef  egg ierS~hSn (1.25 rng/mD 
,in 2% pazassium ph~sphotungs~ate, p~ 5.6, b,;o:agl~t ~o 37°C befoze ~]~ci,~o:n microscopy, (b ~ aq~ae,D~s, s~r~ca~ed leei~]'fi.,~ 
(1,25 n~g/rnl) mined a~ 37°C ~%h a so~-fica~ed dispezsion ef the monoo~ea~e free,ion ef Span Ig0 (1.25 ~Iro_l), pzep~;-ed fe~ 
e]ec~o~ ~n~c;o~eopy ss in (a). ~]er'2ron m~t~oscopy was ~ntle~L~]~en aS l:]e$cr~bed p;ev~ous~y ~2~]. 
Re~eren=es 
[t ~ Howe]], 3. t. and L~cy, J. A. (1969)FEBS Le~te~s 4, 
147--t51). 
I2] P~le ,  A. R.~ H~'elA; ~. l. anti Lngy, ~. A. 11970) 
Natn~e 227,810-833.  
~3] Ahko~g, Q. F., lvishe;, D., ,Tampi~n, W. and :Lucy, 3. A. 
11973) Bioehern. 3. 136, t47-155.  
~[4] DeBo~, E. anti Loy~e;= A. 11971) FEBS Lett~r~ 15, 
325 327. 
[51 Tois~er, Z. and Loyte~, A. (~97~) Bio~him. Biophys. 
A~ta 241,719--724. 
[~5~ Papahadjopoul~s, D-, !Posle, G. and Schaeffe;, B. :E. 
(~973) Bieehh~ B.~phys. Ae~ 3")3, 23--42. 
17] Dxessex, D. W. (19,58)N'~uxe 217=527--529. 
~]  Wes~p,hall~ O., Fische;~ 1-i. -and 5tund=s, P. G. (1970) 
PIP=. ~Ih  In t .  Con~.  BSoehern. 319--320. 
19] Dzesse~, D. W. {]961) Nature 191, ,1169--,1171. 
~1 ] ] C~i~, D. (3966) ~]~inunoto~: 1 ~, 369--3~6. 
~32] SpitzmgeL/L X. and A~son, A. C- ( i970) J. ]ramunol 
104, ]]9--127. 
~13] Akkong, Q. F., Cramp, F. C., Fishe-, D., HoweN, J. J., 
Ta~apSor~ W. and L.~cy, ~. A. (1972) B~ochem. J. 139, 
44--45P. 
,]14] Be~]in,, ~. S. and ~ym~n,  R. (197~) ~oc.  Sor~ Exptt 
Bfiol. ~den. 136, ] 363--136~. 
~15] Ashkong,, Q. F. (L1973~ M. S~. Thesis. Urdve~s~'~y of 
~16] Sny4ex, ~F. anti Szephems, N. (]959) Biochi~. Bioph)'s. 
A~a $4,244--245. 
~]7] B=2~in, B. S. (1963) Anal A.U~z?~' 21, S2 ?e. 
~18] Saha~rab~.dhe, IA'l. ~ am~ G~adh~, rt K. (i")69) ~. A~n. 
~19] O'ND~H: X~-~. 3., Yamaha=hi, T. N.~ Cehen, ~'. a~4 
Ha~degre~, NI.C. (]972~ .I. Pharm. ScL 6], %63--867. 
~20] Yo~ange~, 3. S. a~d Axel~od, V. [t9t)3) J. I~nm~anoL 90, 
1- - !1 .  
209 
: " i - . ,  i i~. ~ ~ ::. ~ • .  :-i :~ ::'i:~i .:  i .7.I:: ii3!]ii Ma~lard.~.]~madm~o~n~B..R,.(a~.72)JiE:~lOfi.Me:d. a36, ~ i 
• - - , .  ~ .  . " . - . . . 
~i i~ ii/-i~ i~ ~/~i~/=~i!~i~i:.! ~ i!~::~:~.!i !~ ..i~i_!i. ~i i~i~/i !i! i ~/.,ii!i~ i~i:(! ~.. if!i/i~ii~!~i~iii!~i~i~,~ ~i !~~~i~ ~~ i~i - ~i~-! ~i!i i!i~,~ 
